Forensic fibre analysis to determine the origins of leg-entangling threads on shorebirds : a case study by Weston, Michael A. et al.
Deakin Research Online 
Deakin University’s institutional research repository 
DDeakin Research Online  
Research Online  
This is the published version: 
 
Weston, Michael A., Liu, Xin, Tsuzuki, Takuya, Fallaw, Jon and Dann, Peter 2009, Forensic 
fibre analysis to determine the origins of leg-entangling threads on shorebirds : a case study, 
Wader study group bulletin, vol. 116, no. 1, pp. 46-48. 
 
 




Reproduced with the kind permission of the copyright owner. 
 
 
Copyright : 2009, Victorian Wader Study Group 
46
Leg entanglements are reasonably frequent among shore-
birds, and sometimes cause injury and death. The nature 
and provenance of the leg-entangling materials are rarely 
established. This note describes forensic analysis of fibres 
entangling the legs of two adult Hooded Plovers Thinornis 
rubricollis in Victoria, SE Australia. Both birds had their 
legs entangled and injured by threads which were retrieved 
and subjected to analysis by light microscopy, burning tests 
and spectral analysis. Both birds suffered entanglement 
from synthetic threads which were dyed black. Although 
the threads appeared superficially similar, one bird was en-
tangled by nylon, the other by polyester. Rather than being 
recreational fishing line, cotton, twine or seaweed, as had 
been variously suspected, forensic analysis revealed the 
threads are more consistent with those used in commercial 
fishing nets. 
Leg entanglement occurs when fibrous material wraps 
around the leg or legs of shorebirds in such a way as to 
interfere with mobility or other functions; such entangle-
ment can cause temporary impairment of function such as 
diminished anti-predator or foraging capacity, or lead to 
permanent injury. Leg injuries have been recorded from a 
variety of shorebird species, where reported occurrence rates 
range from 0 to 5% of birds captured (Briggs 1984, Dare & 
Mercer 1968, Gratto-Trevor 1994, Melville 1982, Norton 
1972, Reed & Oring 1993). While injuries not attributed to 
banding are generally regarded as “natural” (Amat 1999), 
little is known about what causes non-banding leg injuries. 
Non-banding leg injuries among shorebirds have resulted 
from entanglement with fibres such as wool (Dare & Mer-
cer 1968), human hair (unpubl. data), fishing line (Briggs 
1984), and synthetic fibres such as those used in improvised 
shorebird traps in Asia (Lewin et al. 2006, Melville 1982). 
Other potential causes of leg injury may include intraspe-
cific aggression or collisions, attacks by crabs or clams, 
congenital abnormalities or injuries acquired when birds are 
chicks (Lowe et al. 2007, Melville 1982, O’Connor 2000, 
Savareno et al. 1996). 
Hooded Plovers Thinornis rubricollis are endemic to 
S Australia, and in SE Australia they occur almost exclusively 
on sandy ocean shores. Of 194 Hooded Plovers captured in 
SE Australia, 1.0% had pre-existing leg injuries (unpubl. data) 
and in Western Australia, 0.3% had such injuries (Weston & 
Elgar 2000). Hooded Plovers are threatened and volunteers 
quickly report problems with entanglement, partly because 
entanglement with recreational fishing line is considered a 
conservation problem (Marchant & Higgins 1993). Here, we 
describe two cases of severe entanglement among Hooded 
Plovers, which prompted rescue attempts, the retrieval of the 
entangling threads and subsequent forensic analysis which 
led to unexpected results.
Between 1994 and 2008 two Hooded Plovers were re-
ported as having fibres tangled around their legs to the extent 
that we decided to intervene, and attempt rescues. While both 
birds were banded, the bands were not implicated in either 
entanglement.
The first bird to be rescued was an adult which frequented 
Forrest Caves (38°31'S, 145°18'E), Phillip Island, and was 
unable to walk while foraging. The bird was captured on 27 
July 2003, using a noose carpet, after more than an hour of 
coaxing. A fibre entangled one foot and lower leg, and skin 
had grown over much of the entanglement, preventing re-
moval while in the field. The bird was somewhat light (87.5 g; 
8.5% below the mean non-breeding weight (95.6±SE 0.6 g; 
n = 138 birds; unpubl. data) and died during transfer to a 
veterinary hospital. The fibre was removed post-mortem, and 
was thought to be cotton at the time of excision.
The second bird was reported at The Oaks (38°40'S, 
145°38'E), near Cape Patterson, with fibres entangling 
both legs such that they were tied together. The bird, which 
 attended a well grown chick, could hop but not walk. After 
a failed attempt to capture the bird using noose carpets, and 
several unsuccessful attempts to spotlight and hand-net the 
bird at night, successful capture was made with a noose-carpet 
on 15 March 2008 (the chick had now fledged and the fibre 
no longer tied the legs together). Surprisingly, at 97.0 g this 
bird was above the average mass recorded for brood-rearing 
adults (91.9±SE 1.3 g, n = 12; see Weston & Elgar 2005). 
The bird was successfully transferred to a veterinary hospital 
where the fibre was removed. The left foot had some necrotic 
tissue (what was left of the base of two toes), which came 
away with the fibre, leaving only the outside toe. The bird had 
already lost the inside right toe but the middle and outside 
toe remained on the right foot. Before capture, the fibre was 
considered to be recreational fishing line, twine or seaweed. 
Once in the hand, the fibre appeared to be synthetic. The bird 
was successfully rehabilitated and released, and has been 
sighted with its partner, and attended a nest, up until the time 
of writing (December 2008).
The fibres had obvious impurities which were removed 
and they were then kept in ethanol until forensic examination 
in April 2008. The following techniques were used:
q Light microscopy. Different fibre materials exhibit char-
acteristic appearances under optical microscopes. For 
example, seed fibres such as cotton appears as irregularly 
twisted and collapsed tubes. Other natural nanofibres 
show marked irregularity. On the other hand, synthetic 
fibres show remarkably regular flat or twist patterns and 
fibre diameter (Robertson 1992). Cross-sectional exami-
nations were not possible because of the small amount of 
fibre available for analysis. 
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q Burn testing. This technique is a basic test which is 
 often employed at the first step of fibre identification. In 
particular, the scent of burnt fibre is characteristic to par-
ticular fibre materials. For example, protein-based natural 
fibres such as wool and silk emit the scent of burnt hair. 
Cellulose-based fibres such as cotton and hemp generate 
the odor of burnt paper. The scent of burnt nylon is celery-
like and the odor of polyester is reminiscent of burning 
tar (Schaffer 1981, Textile Institute 1975).
q Spectroscopy. Different fibre materials consist of different 
chemical structures. Each type of chemical bond in the 
material can absorb a certain wavelength of oscillating 
electromagnetic fields, normally in the infrared (IR) light 
region. Hence IR absorption spectra in a wide wavelength 
range show patterns unique to each material and can be 
used as a fingerprint for material identification. In this 
study, a Vertex 7.0 Fourier Transform Infrared (FTIR) 
Spectrophotometer (Bruker Optics Inc., Germany) was 
used in the attenuated total reflectance (ATR) mode. Main 
chemical bonds in fibres were compared with the standard 
spectra stored in the Spectrum Library. 
Light microscopy showed significantly uniform fibre struc-
tures (Fig. 1), indicating that both fibres are synthetic. The 
fibres appeared to have been dyed in black. Burning tests 
suggested the fibres were not of natural origin. 
FTIR spectra of fibre samples are shown in Fig. 2. By 
searching the standard polymers spectrum from the Library 
installed in the FTIR instrument, the FTIR spectrum of one 
sample is matched with pure Poly Ethylene Terephthalate 
(PET) (viz. Polyester), and that of the other sample is closely 
matched with pure Poly Amide – 6 (PA) (viz. Nylon) (Fig. 
2). Thus, the Forrest Caves sample is PET fibre, and The 
Oaks sample is PA fibre. Polyester and nylon tend to be very 
resilient, resistant to mildew, rot and many chemicals, thus 
not biodegradable. They are often used in textiles, plastic 
products and many military applications (McIntyre 2005).
Although the type of fibre has been established, the 
 forensic analysis conducted cannot conclusively determine 
the origins of the fibres which enlaced the birds’ legs, but 
has nevertheless contributed to the understanding of leg 
 entanglements in this species. The fibres were not recreational 
fishing line, twine, cotton or seaweed as assumed from visual 
examination when the birds were being rescued. Indeed, both 
fibres had different chemical compositions although they were 
superficially similar and it had been tempting to assume they 
had the same or similar origin. Both fibres are widely used 
plastic materials for fishing line and fishing nets, however 
fishing lines are not normally dyed while commercial fishing 
nets are often dyed. Thus, the fibres may have originated from 
two different types of fishing net. This source of entanglement 
had not been previously known or suspected. We suggest 
that whenever possible fibres should be removed from the 
legs of waders and that samples be retained for subsequent 
forensic analysis. Such efforts will aid the understanding 
of what causes the substantial rate of non-banding injury to 
shorebird legs.
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